Aims/Introduction: Genetic risk variants for type 2 diabetes; rs391300-G in SRR and rs17584499-T in PTPRD, have been identified by a genome-wide association study using Han Chinese individuals living in Taiwan. In an attempt to know the effects of these two variants in conferring susceptibility to type 2 diabetes in the Japanese, we carried out a replication study for the association of the two single nucleotide polymorphisms (SNPs) with type 2 diabetes in a Japanese population. Materials and Methods: We genotyped 11,530 Japanese individuals (8,552 type 2 diabetes patients and 2,978 controls) for rs391300 and rs17584499, and analyzed the association of these two SNPs with type 2 diabetes by logistic regression analysis. Results: Neither of the variants was associated with susceptibility to type 2 diabetes in the Japanese population (rs391300-G: odds ratio [OR] = 0.97; 95% confidence interval [CI] 0.91-1.04; P = 0.44; rs17584499-T: OR = 1.04; 95% CI 0.96-1.14; P = 0.34). Adjustment or stratified analysis for age, sex and body mass index (BMI) did not affect the association of these variants with the disease. We did not observe a significant association of the SNPs with any metabolic traits, BMI, fasting plasma glucose, homeostasis model assessment of b-cell function (HOMA-b) and HOMA of insulin resistance (HOMA-IR) (P > 0.05). Conclusions: Neither rs391300 nor rs17584499 had a significant effect on conferring susceptibility to type 2 diabetes in the Japanese population. (J Diabetes Invest
INTRODUCTION
A genome-wide association study (GWAS) is a powerful method to detect genetic variations that predispose to a disease 1, 2 . The first round of GWAS for type 2 diabetes was reported by several European and American groups in 2007 3 , and approximately 60 type 2 diabetes susceptibility loci have been identified so far. The majority of them have been initially detected in populations of European descent, and several loci including TCF7L2, CDKAL1, HHEX, SLC30A8, KCNJ11, CDKN2A/B, IGF2BP2, GCKR and IRS1 have been confirmed as type 2 diabetes risk loci also in Japanese populations [4] [5] [6] [7] [8] [9] [10] [11] . Four loci were identified by Japanese GWAS, and subsequent replication studies showed that three loci, KCNQ1 4, 5 , C2CD4A-C2CD4B 6 and ANK1
12
, were common susceptibility loci for type 2 diabetes across East Asian and European populations, whereas the association of UBE2E2 might be specific to East Asian populations 6 ; suggesting the existence of genetic heterogeneity among different ethnicities.
In 2010, four additional genetic risk variants for type 2 diabetes were identified by two independent Han Chinese GWAS. Two variants, rs10906115 in CDC123/CAMK1D and rs1359790 near SPRY2, were discovered by Shu et al. 13 , and Tsai et al. identified another two, namely rs391300 in SRR and rs17584499 in PTPRD
14
. The association of rs10906115 and rs1359790 with type 2 diabetes was replicated in a Japanese population 15 . Meanwhile, the association of rs391300 or rs17584499 with type 2 diabetes in Japanese populations has not yet been clarified.
In the present study, we aimed to evaluate the contribution of these two variants, rs391300 in SRR and rs17584499 in PTPRD, to conferring susceptibility to type 2 diabetes in the Japanese.
MATERIALS AND METHODS
Participants, DNA preparation and genotyping DNA samples were prepared from peripheral blood of Japanese patients with type 2 diabetes (n = 8,552) who were enrolled in BioBank Japan or recruited from the outpatient clinics of the Shiga University of Medical Science, Kawasaki Medical School, St. Marianna University, University of Toyama and Juntendo University. We also examined 2,978 individuals (controls) who were enrolled from an annual health check carried out at Keio University or St. Marianna University, from the outpatient clinics of Toyama University or from the Japanese general population registered in the Japanese single nucleotide polymorphism (SNP) database. Control participants with glycated hemoglobin (HbA 1c ; National Glycohemoglobin Standardization Program [NGSP]) ≥6.4%
16
, fasting plasma glucose ≥7 mmol/L or selfreported diabetes were excluded from the present study.
Diabetes was diagnosed according to the criteria established by the World Health Organization 17 . Type 2 diabetes is clinically defined as a disease with gradual onset in adults. Individuals who tested positive for anti-glutamic acid decarboxylase antibodies and those diagnosed as having mitochondrial disease (mitochondrial myopathy, encephalopathy, lactic acidosis and stroke-like episodes [MELAS]) or maturity onset diabetes of the young were not included in the present study. Obesity was defined as body mass index (BMI) ≥25, according to the criteria for obesity disease in Japan 18 . Written informed consent was obtained from all the participants, and anonymity of the participants was preserved during the study. DNA was extracted using the standard phenol-chloroform procedure. The study protocol conformed to the provisions of the Declaration of Helsinki, and was approved by the ethics committee of the RIKEN Yokohama Institute and of each of the participating institutes. As shown in Table 1 , type 2 diabetes cases had a higher BMI than controls (24.2 ± 4.0 vs 22.8 ± 3.2), and the cases were older than the controls (63.6 ± 11.1 vs 50.5 ± 16.2). These values were adjusted during subsequent analysis, if necessary. Genotyping of each SNP was carried out by a multiplex-polymerase chain reaction (PCR) invader assay as described previously 19 . The DNA sequence for oligo primers for PCR, and invader probes and signal probes are described in Table S1 . The accuracy of the genotyping was confirmed by success rates of the assays (rs391300 98.7%, rs17584499 98.2%) and the concordance rates (100%) in 101 (0.88% of sample size in the present study) randomly selected duplicated samples.
The association data around the rs391300 locus and rs17584499 locus were obtained from our previously reported GWAS data 12 for 4,470 type 2 diabetes cases (3,000 overlapped with the present study) and 3,071 independent controls. Only data with high imputation quality, proper info >0.8 and minor allele frequency (MAF) >0.01 were included in this analysis.
Statistical analysis
We carried out Hardy-Weinberg equilibrium (HWE) tests according to the method described by Nielsen et al. 20 To test the association of each SNP with disease susceptibility, the differences between the case and control groups in terms of the distribution of genotypes, scored using an additive model (0, 1 and 2 for homozygous for non-effect allele, heterozygous and homozygous for effect allele, respectively), dominant model (0 for homozygous for non-effect allele, and 1 for heterozygous and homozygous effect allele) and recessive model (0 for homozygous for non-effect and heterozygous allele, and 1 for homozygous effect allele) were analyzed using logistic regression analysis with or without adjusting for age, sex and log-transformed BMI.
Quantitative trait analyses for BMI, fasting plasma glucose (FPG; 1,332 controls), homeostasis model assessment of b-cell function (HOMA-b; 900 controls) and HOMA of insulin resistance (HOMA-IR; 900 controls) were carried out by multiple linear regression analysis with or without adjusting for age, sex and log-transformed BMI. As the present Japanese samples have skewed distribution for values of BMI, FPG, HOMA-IR and HOMA-b, we carried out the analyses for the quantitative traits using log-transformed-BMI, -FPG, -HOMA-IR and HOMA-b. These analyses were carried out using JMP9 software (SAS Inc. Japan, Tokyo). Power calculation was carried out with a CaTS power calculator (CaTS: http://www.sph. umich.edu/csg/abecasis/CaTS/). Combined meta-analysis was carried out by the DerSimonian-Laird random effects model after evaluating homogeneity of effect size across studies by Cochran's Q statistics.
RESULTS
The genotype distribution of rs391300 and rs17584499 in control individuals did not deviate from HWE (Table 2) . Neither rs391300 nor rs17584499 was significantly associated with 14; P = 0.34). Adjustment for age, sex and logtransformed BMI did not affect the association of these SNPs with the disease (rs391300: P = 0.15, OR = 0.94, 95% CI 0.87-1.02, rs17584499: P = 0.65, OR = 1.02, 95% CI 0.93-1.13). We also analyzed the association using another genetic model; dominant and recessive; however, neither analysis showed a significant association (Table S2 ). Stratified analysis was carried out because differences in age, sex or BMI between cases and controls might produce type 2 errors even after adjusting for these parameters in the logistic regression analyses. The association of these two SNPs with type 2 diabetes was also not observed in stratified analyses by sex or BMI (<25 or ≥25), age of controls (≥50 or ≥60 years) or age of diagnosis (<40 or <50 years old; Table 3 ). Next, we combined two studies (three stages); our present study data and original data by Tsai et al. 14 using a random effect model because of a remarkable heterogeneity in effect size of both variants across the studies (Table 4 ). The result showed that combining the present data with the original Chinese data did not strengthen the original association, and the associations of these two SNPs were no longer significant. Finally, we obtained more comprehensive association data of these two SNP loci from our previous GWAS data 12 . In this GWAS data, rs391300 showed a nominal association with type 2 diabetes (P = 0.04), but the direction of risk allele was opposite to the original Chinese study. We further searched association data of directly genotyped or imputed SNPs around the two SNP loci (linkage disequilibrium [LD] block region including each SNP). Based on the Han Chinese and Japanese LD structures from Hapmap JPT and CHB (http://hapmap.ncbi.nlm.nih.gov/; Rel27 Phase II + III, on NCBI B36 assembly, dbSNP b126), we analyzed directly genotyped or imputed genotype data of 101 and 42 SNPs within rs391300 locus (147 kb) and rs17584499 locus (22 kb), respectively, but we did not find any stronger signal for type 2 diabetes than rs391300. Rs17584499 locus including rs17584499 did not show any association with type 2 diabetes in the GWAS data (Tables S3 and S4) . We further examined the association between the two SNPs and quantitative metabolic traits, such as BMI, FPG, HOMA-IR and HOMA-b (Table 5 and 6; Table S5 ). We observed a nominal association (P = 0.036) between rs391300-G and an increase of HOMA-b in the recessive model (Table S5) , but any association did not reach statistically significant levels (P = 0.025).
DISCUSSION
In the present study, we carried out a replication study for the association of two variants, rs391300 in SRR and rs17584499 in PTPRD, identified by Chinese GWAS with type 2 diabetes using 11,530 Japanese individuals.
Rs17584499 in PTPRD, the strongest signal in the original Chinese GWAS 14 , was subsequently shown to be associated 91.6 †Bold allele indicates reported risk allele for type 2 diabetes. ‡Association for type 2 diabetes adjusted by age, sex and log-transformed body mass index was used for meta-analysis. §Calculated in logistic regression analysis with additive model. ¶Homogeneity of effect size across study groups. I 2 = [Q statistics-(K-1)]/ Q statistics, K = number of the study. CI, confidence interval; OR, odds ratio; Q, P-values for Cochran Q statistics; RAF, risk allele frequency; SNP, single nucleotide polymorphism. 0.96 † † †Log-transformed values for body mass index were used as the dependent valuables in the linear regression models. ‡Regression coefficient. §Reported risk allele for type 2 diabetes. ¶Association data were adjusted for age sex and disease state (type 2 diabetes or contol). † †Association data were adjusted for age and sex. SE, standard error; SNP, single nucleotide polymorphism. . PTPRD belongs to the receptor type IIA (R2A) subfamily of protein tyrosine phosphatases (PTPs), which has been implicated in neural development, cancer and diabetes 22 . Rs391300 is located in SRR, which encodes a serine racemase that synthesizes D-serine from L-serine 23, 24 ; dysregulation of Dserine could affect insulin or glucagon secretion in the pathogenesis of type 2 diabetes 25, 26 . The association of rs391300 with type 2 diabetes also showed that rs391300-T had some effects on conferring susceptibility to gestational diabetes or on increasing FPG in Chinese women 27 . Although the effects of these two variants on type 2 diabetes susceptibility have been almost confirmed in Han Chinese populations, a recently carried out meta-analysis using Chinese and other East Asian populations failed to replicate the association of the SNPs with type 2 diabetes (P > 0.01) 28 , suggesting the existence of heterogeneity in the effect of these loci between Han Chinese and other East Asian populations, including Japanese.
In the present study, we showed that both rs17584499 and rs391300 were not associated with type 2 diabetes in our Japanese sample. As the present study had sufficient power to detect true association of these SNPs (Table 2) , it is not likely that the present results were affected by type 2 error. It seems that there is no obvious difference in clinical characteristics between our present study and the original study (Table S6) ; therefore, it is unlikely that phenotypic heterogeneity is a principal cause for the discrepancy between the present study and the original Chinese study. As shown in Table 4 , risk allele of rs391300 and rs17584499 were quite different between the Japanese and the Han Chinese populations (rs391300-G; 0.78 vs 0.62-0.63, rs17584499-T; 0.14 vs 0.06-0.07, Japanese controls in the present study vs Han Chinese controls in the previous report 13 ). In addition, there is significant heterogeneity in effect size (odds ratio) between the present study and the study by Tsai et al. (Table 4) . Therefore, the lack of an association between the two SNPs and type 2 diabetes in the Japanese population might be explained by the presence of ethnic differences.
Assuming that LD structures for these two loci in Japanese populations are different from those in Han Chinese populations, the possibility is also present that rs391300 and rs17584499, which reflected the causal signal in the Han Chinese, did not link to the true signals in our Japanese population. To make this point clear, efforts to find true causal variants in these genetic loci, including a fine mapping using the Han Chinese populations, would be required.
From the findings in the present study and the previous studies, it is evident that there are small but significant genetic differences between the Japanese and other East Asian populations. Therefore, we should be more careful when combining Japanese data with those in other East Asian populations. In addition, it should be more emphasized that efforts to increase sample size in a single ethnic group; that is Japanese alone, are important and useful to identify additional novel susceptibility loci in the human genetic study.
In conclusion, we carried out a replication study for the association of rs391300 in SRR and rs17584499 in PTPRD with type 2 diabetes in a Japanese population, and demonstrated that these two SNPs did not show a significant effect on conferring susceptibility to the disease in the Japanese population. The present results indicate that genetic heterogeneity might exist between the Japanese and the Han Chinese populations, although these two East Asian populations are considered to be genetically closer than populations of European or African origin.
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